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Abstract—In this paper, the Python scripting language and 
TensorFlow open source platform for machine learning is used 
to create a software script that can automatically extract 
electricity supply generation data from an on-line resource and 
use machine learning techniques to analyze the available data 
for the creation of end-user information. An on-line resource 
was chosen where the data could be readily extracted and stored 
in multi-dimensional TensorFlow arrays for analysis. The 
usefulness of such generated end-user information is however 
based on the accuracy of the information and any biases 
introduced in the data collation, data presentation, data analysis 
and results presentation, along with the perceptions of the end-
user. With these considerations in mind, this paper focuses on 
the aspects relating to the creation, operation and use of the 
Python and TensorFlow script. 
Keywords—electricity supply generation, on-line, monitoring, 
analysis, Python, TensorFlow 
I. INTRODUCTION 
Today, there is increased interest in using Artificial 
Intelligence (AI) [1] techniques to analyze complex data sets 
to extract useful information that can be used in the prediction 
of data trends and the effect of intervention actions on data 
trend predictions. Such information can then be used to 
modify behavior and to direct future trends. Machine Learning 
(ML) [2] and Deep Learning (DL) [3] techniques are the 
specific sub-sets of AI that are of particular current interest to 
academia and industry. ML and DL are used in a range of 
activities such as identified in [4, 5]. These have uses within 
scientific, engineering, commercial, industrial and social 
activities. ML and DL are applied to different situations where 
large and complex data sets are available and metadata, as well 
as more detailed information, could be extracted from the 
provided data if suitable means to extract and link the data 
were available. In this paper, a software script incorporating 
ML is considered to obtain, format, analyze, visualize and 
identify trends in national electricity supply generation fuel 
mix from a selected on-line data set. Specifically, the data 
identifies electricity supplier data by year on the fuel mix used 
to generate the electricity within the United Kingdom (UK) 
energy market. The software system developed and presented 
in this paper can automatically extract the required data from 
HTML (Hypertext Markup Language) source code in several 
HTML files and store the extracted data as a CSV (Comma 
Separated Values) file for analysis. The system was developed 
using the Python scripting language [6] with supporting 
modules and the TensorFlow open source platform for 
machine learning [7]. TensorFlow multi-dimensional arrays 
were then created using the CSV file data and TensorFlow 
used to analyze, visualize and provide predictions on data 
trends based on the available data (the training set). In both 
ML and DL, a suitable programming (compiled) or scripting 
(interpreted) language is required to create the functions that 
can learn from the data that the program/script is given rather 
than being explicitly programmed to provide results. 
However, ML could be described in a number of different 
ways, but each way ultimately meaning the same thing, for 
example as in [8]. DL could be considered as an extension to 
ML by using Artificial Neural Networks (ANNs) [9] to 
effectively deal with large, complex data sets. ML and DL rely 
on the use of suitable input data sets that would be created for 
a given scenario by the ML code developer or by an external 
third party. There are therefore various considerations that 
must be given to this data. For the ML code developer, some 
or all these considerations may be out of their control and so, 
the ML code developer must rely on the use of data that has to 
be considered both valid and unbiased. For the purpose of this 
paper, on-line data sources have been considered and the data 
used in this work is from an appropriate source for this study. 
The input data is in a known and understandable text format 
that makes the analysis operations possible. However, the 
approach taken can also be adapted to input on-line data from 
other sources and so the code developed can be adapted to 
different scenarios. The process that the code follows from 
sourcing the input data to output of the analysis results is not 
reliant on the input data source. This enables the code 
developed to be portable, to be enhanced and ensure that its 
analysis actions are undertaken in a transparent, unbiased 
manner.  
This paper is presented as follows. Section II will provide 
a discussion into the electricity supplier fuel mix based on 
United Kingdom (UK) energy supplier comparison data. 
Section III will introduce Python and TensorFlow for 
implementing the software system to obtain, process, format, 
analyze, visualize and identify trends in national electricity 
supply generation fuel mix based on a selected data set. 
However, the approach can be adapted to incorporate other 
data sets where identified. Section IV will present the software 
system and section V will present its proposed use. Section VI 
will conclude the paper. 
II. ELECTRICITY SUPPLY FUEL MIX DATA 
In this section, the electricity supplier fuel mix based UK 
published on-line data is presented and discussed. This is 
based on available information as set-down in national 
legislation [10, 11]. Data can be obtained from a number of 
sources. In general, sources of electricity supply fuel mix can 
be categorized as follows: 
1. Electricity supply companies. 
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2. Government agencies. 
3. Non-government organisations (NGOs). 
4. Third-party data users, other than NGOs. 
In this study, the key on-line sources used to obtain and 
interpret the fuel mix data are identified in [10 -16]. The input 
data identify the electricity supplier (company name), data 
disclosure year, the percentage of electricity generated by a 
particular fuel (fuel type) identified here as coal, gas, nuclear, 
renewable and other, and the waste (waste generated) as CO2 
and nuclear waste. The data obtained was initially sorted by 
parsing the input data strings (from the URL HTML source 
code) in order to present the data in a suitable format for 
visualization and analysis. Given that the aim was to use 
TensorFlow for analysis, the data was extracted and stored in 
arrays as diagrammatically shown in Fig. 1. The top figure 
represents a 3-D array where each element in the cube 
represents a company (by ID (identification) number), 
disclosure year and fuel type percentage used in the electricity 
generation. The middle figure also represents a 3-D array 
where each element in the cube represented a company (by 
ID), disclosure year and waste generated. The bottom arrays 
match the company ID number to the company name, the fuel 
type percentage to the fuel type and waste generated ID 
number to waste type created during electricity generation. 
This allows the top and middle (3-D) arrays to be formed of 
numbers only (rather than a mixture of numbers and strings) 
in order to anonymize the data for potential further use. 
III. TENSORFLOW 
In this section, TensorFlow, an open source platform for 
machine learning developed by Google [7], is introduced 
when used with Python. TensorFlow provides for a well-
supported, open-source and free library to support ML and DL 
operations. A benefit of TensorFlow is that for computing 
intensive applications, rather than running actions on a single 
machine with a single CPU (Central Processing Unit), 
TensorFlow actions can be distributed across multiple CPUs, 
GPUs (Graphics Processing Units), multiple machines or 
TPUs (Tensor Processing Units). Numerical computations are 
performed through the creation and use of data flow graphs. 
These data flow graphs can also be visualized using the 
TensorBoard suite of tools. There are different languages that 
could have been selected to implement the system discussed 
in this paper, with languages supported through libraries 
(modules) that have been developed for ML and DL 
applications. Python is however the language of choice in this 
work, and TensorFlow the Python library (module) of choice. 
With this approach, data is created and manipulated using 
tensors. Tensors are generalizations of scalars (rank 0), 
vectors (1-D arrays, rank 1) and matrices (2-D arrays, rank 2), 
and can be of higher dimensions (n-D arrays). The rank of a 
tensor identifies the number of dimensions. Rank 0 to 2 
tensors would be familiar within an engineering scenario, but 
these are only specific cases of rank-n tensors. 
Tensors are considered as they form a neat way in which 
to model and manipulate complex data sets that can be 
represented using n-dimensional arrays that is beneficial to the 
type of data sets considered in this study. In a programming 
sense, these are created using n-dimensional arrays that 
contain linked data. For example, in a sensor system data 
would be collected from one or more sensors at specific points 
in time. The sensor data could consist of the sensor details 
(such as type of sensor, sensor part number, sensor operating 
conditions), the sensor ID number (where multiple sensors are 
used), the time and date of the sensor reading, and the sensor 
data (both raw (original) and/or processed data). Such data 
could be stored in multiple 1-D arrays separating the data or a 
single multiple-dimension array where each array dimension 
identifies a particular aspect of the data. Then, a single array 
holds all data and array computations can performed on 
specific array dimensions.  
 
Fig. 1. Visualizing electricity supplier data structring as 1-D (vectors) and 
3-D (cubes) arrays. 
IV. ENERGY GENERATION ON-LINE DATA 
PROCESSING,VISUALIZATION AND ANALYSIS SYSTEM 
In this section, the software system developed to extract, 
visualize and analyze the electricity supplier data is presented. 
The system is based on a Python script with associated 
libraries (modules) to access on-line data. The operation of the 
system is visually depicted in Fig. 2. When run, the script 
would prompt the user for the data source based on the list of 
available sources. Once, selected, the input data would be 
automatically extracted from the appropriate URL HTML 
code, formatted into a predetermined format and stored in text 
(run log files) and CSV files, one CSV file per supplier. It is 
therefore essential that the script knows the URL HTML file 
format to extract the relevant data and ignore all other data 
within the HTML files. It is also a requirement that the exact 
locations of the HTML files to use. If these files are changed, 
Company ID 
number 
Company ID number -> 
Company Name mapping 
Disclosure year 
Fuel type percentage 
ID number 
Company ID 
number 
Disclosure year 
Fuel type percentage 
ID number -> Fuel type 
mapping 
Waste generated ID 
number 
Waste generated ID 
number -> Waste type 
mapping 
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or additional data sources were to be included in the future, 
the Python script would therefore need to be updated to reflect 
these changes. For use in this case study, the on-line data in 
[15, 16] were used as an example public domain data source 
and a local data source with sample data was developed (for 
local on-line and off-line use, and for code development 
purposes). Once the input data has been obtained, the relevant 
data would be extracted and stored in files (text and CSV). It 
could then be visualised to view the data as provided. 
Matplotlib [17] and Seaborn [18] functions were developed 
for this purpose. Once the data were correctly stored, the 
TensorFlow session would be run, with data selector settings 
by the user to control the creation of the session input data 
arrays and to run analyses such as simple and multiple linear 
regressions on selected data. Once the analysis phase was 
completed, the user could then run functions to visualize the 
input data and to run linear regression to develop a 
mathematical model to predict future data trends. Seaborn and 
Matplotlib functions were developed for this purpose. Table I 
provides a summary of the core functions within the system. 
TABLE I.  CORE SYSTEM FUNCTIONS 
Function Action 
Read from data 
source 
Obtain input data from source, extract 
the relevant data and store. 
Input summary Present the user with a summary of the 
input data. 
Plot 2-D input data From a supplier, plot 2 data variables. 
Plot 3-D input data From a supplier, plot 3 data variables. 
Run simple linear 
regression 
From a supplier, run a simple (2-D) 
linear regression. 
Run multiple linear 
regression 
From a supplier, run a multiple (3-D) 
linear regression. 
Plot 2-D results From a supplier, plot 2 data variables 
with future prediction. 
Plot 3-D results From a supplier, plot 3 data variables 
with future prediction. 
Create report 
 
Create a report in text and PDF file 
formats. 
 
Whilst the TensorFlow analysis is only one step within the 
larger system, it is essential to ensure that the analysis 
operations are technically correct, run efficiently and provide 
the user with the necessary reporting. With such analysis 
however, the user can be presented with an overwhelming 
amount of data and information in both graphical and text 
formats. If not careful, the user could be overwhelmed with 
the amount of data and information, and at some point in time 
this could hinder the understanding rather than helping. It was 
therefore necessary to consider how the reporting would be 
structured and how the user could control the amount of 
reporting undertaken from minimal to detailed. The system 
would also need to be seen as a tool to assist the user in their 
understanding and interpretation rather than taking away any 
user reasoning from the data analysis report content. 
V. SYSTEM OPERATION DISCUSSION 
In this section, the system operation and example output 
graphs are discussed. The developed system, as discussed in 
section IV, would allow the user to identify a supplier and 
select the data for analysis. For example, for a given supplier 
and specified fuel type use, what would be a prediction for 
future use based on the available data? 
 
Fig. 2. On-line data extraction and analysis system overview. 
The simplest way to predict future use would be based on 
a simple (2-D) linear regression with two variables (year and 
fuel type percentage). From the available data, it would be 
possible to estimate a straight-line equation of the form: 
   ∗   	 

		%   ∗   	 
Where a (slope of the straight line) and b (y-axis intercept 
point) can be determined from a standard linear regression 
algorithm. For example, a plot for a simple linear regression 
using sample data for a supplier (Company 1) where the input 
data and the straight-line equation could be jointly plotted. 
The input data used in this study related initially to coal fuel 
type (%) ranging from 2005 to 2017 and the straight-line 
predicted data varying from 2005 to a selected number of 
years in the future (in this case, 5 years into the future, up to 
2022) plotted. This is shown in Fig. 3 where the sample data 
is shown in green and the predicted straight-line data is shown 
in blue. This type of analysis would in general allow the user 
to investigate different fuel type use for different suppliers, to 
visualize how fuel use varies per year and to see whether the 
trend in the data follows a linear trend and how actual reported 
data differs from the linear trend. Analysis does not only 
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extend to two variables. Multiple linear regression can be 
undertaken to more than two variables. For example, a 3-D 
linear regression for Company 1 sample data ranging from 
2005 to 2017 was used to investigate the trend of coal use and 
gas use with year. In this multiple linear regression, the 
prediction equation would be of the form: 
   ∗   	 ∗    
In this case, z is the gas use (%) to predict, x is the coal use 
(%) and y is the year. Values a, b and c are derived from the 
multiple linear regression algorithm, in this case using the 
matrix algebra approach to deriving the values for a, b and c: 
		%   ∗ 		%  	 ∗    
In general, the data are available in a known format and 
can be readily accessed by the user by selecting the required 
data (the particular dimension in the tensor) for the known 
electricity suppliers A range of different types of analysis 
could be performed. It is also possible, in a straightforward 
manner, to add different functions for additional analysis and 
visualization operations, to provide the user with additional 
analysis results information, to output information in other 
forms of visualization, to store information in text (and other 
format, e.g., PDF) files and to allow the results to be 
accessible by other software systems. Although the 
discussion here has been based on companies considered 
within a single country, it would also be possible where data 
is available to extend the analysis functions to other countries 
provided that: 
1. The data for each country have a direct correlation. 
2. The data for each country could be considered as 
accurate, complete and unbiased. 
3. The data is available in the public domain and in a 
suitable on-line format. 
 
Fig. 3. System operation: Simple linear regression predicting coal fuel use. 
This figure shows a prediction for 5 years past the last year of disclosure 
(2017). 
It would be expected that the work required in extending 
the system operation would be based on the need to: 
1. Identify suitable information sources. 
2. Understand the data format (e.g., HTML file format). 
3. Ensure that the data can be accessed without 
restriction. 
VI. CONCLUSIONS 
In this paper, electricity supply fuel mix data sources were 
investigated and analyzed for given electricity supplier data. 
This data were extracted from on-line sources and the data 
automatically formatted for the analysis. A software system 
based on Python and TensorFlow was developed to obtain, 
format, visualize and analyze available on-line supplier data. 
The system automatically identified the fuel type used and the 
percentage of the overall supply generated from a particular 
fuel type. The investigation considered the UK domestic 
electricity supply market in a case study, although the 
approach could be adapted for other countries and markets 
where suitable data is available. 
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